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Abstract 



PURPOSE:To suppress the generation of particles and to promote crystallization of a film even 
in a low-temperature film formation by a plasma CVD method. 

CONSTITUTIONS modulated high-frequency power for interrupting a source high-frequency 
signal is supplied between a discharge electrode 8 and a holder/ electrode 6 from a high- 
frequency power supply 14a. Also, an intermittent negative bias voltage is applied to the 
holder/electrode 6 in synchronization with the interruption of the high-frequency power from a 
bias power supply 24. 
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(57) [Abstract] 

[Objects of the Invention] The thin film formation method that it can be based on 
a plasma CVD method, and generating of particle can be suppressed, and 
membranous crystallization can be promoted also in low-temperature membrane 
formation is offered. 

[Elements of the Invention] The RF power to which the modulation which makes 
it intermittent from RF-generator 14a between a discharge electrode 8 and a 
electrode holder-cum-the electrode 6 to the RF signal which becomes origin was 
applied is supplied. And the negative bias voltage which is intermittent 
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synchronizing with intermittence of the above-mentioned RF power is impressed 
to a electrode holder-cum-the electrode 6 from bias power supply 24. 
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[Claim(s)] 

[Claim 1] In the thin film formation method which forms a thin film on the surface 
of a base by the plasma CVD method for generating plasma by the high 
frequency discharge between a electrode holder-cum-the electrode holding a 
base, and the discharge electrode which counters this The thin film formation 
method characterized by impressing the negative bias voltage which is 
intermittent to a electrode holder-cum-the aforementioned electrode 
synchronizing with intermittence of the RF power concerned while supplying the 
RF power to which the modulation which makes it intermittent between the 
aforementioned discharge electrode and a electrode holder-cum-an electrode to 
the RF signal which becomes origin was applied. 

[Claim 2] The thin film formation method according to claim 1 which has duty 
ratio in 10 - 90% of within the limits, and has the "on" period of the 
aforementioned bias voltage in the "on" period of the aforementioned RF power 
within the limits whose frequency of the modulation of the aforementioned RF 
power is 100Hz - 1kHz, and has the time delay of the ON point in time of the 
aforementioned RF power to the ON time of the aforementioned bias voltage 
within the limits of 10 - 90% of the "on" period of the aforementioned RF power. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the thin film formation method 
which forms thin films; such as for example, a silicon film, on the surface of a 
base by the plasma CVD method which used the high frequency discharge. 
[0002] 

[Description of the Prior Art] Drawing 3 is the schematic diagram showing an 
example of conventional plasma CVD equipment. This equipment made a 
electrode holder-cum-the electrode 6 and discharge electrode 8 holding the base 
(for example, substrate) 2 which is going to form membranes counter in the so- 
called parallel monotonous vacuum housing 4 by which evacuation is carried out 
with the evacuation equipment which is the thing of type (an alias, capacity- 
coupling type), and is not illustrated, and is contained. The base 2 on a electrode 
holder-cum-the electrode 6 is heated at a heater 10. 

[0003] A electrode holder-cum-the electrode 6 is grounded, RF generator 14 is 
connected to the discharge electrode 8 through the matching box 12, and RF 
power is supplied between two electrodes 6 and 8 from this RF generator 14. 
This RF power is the continuous sine wave conventionally, and the frequency is 
usually 13.56MHz. 

[0004] In such equipment, while carrying out evacuation of the vacuum housing 4, 
necessary material gas (for example, mixed gas of silane (SiH4) gas and 
hydrogen (H2) gas) is introduced there. And if RF power is supplied from RF 
generator 14 between an electrode 6 and 8, a high frequency discharge will arise 
between two electrodes 6 and 8, material gas 16 will be plasma-ized (18 shows 
the plasma), and a thin film (for example, silicon thin film) will be formed in the 
front face of a base 2 of this. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there are the following 
problems in the above conventional membrane formation methods. 



[0006] ** Since mere RF power is only supplied between an electrode 6 and 8, 
generating of the state of plasma 18 and the particle (dust) accompanying 
unnecessary radical generation which it divides, and control of the radical in it 
(active species) cannot be performed, therefore poses a problem by CVD cannot 
be suppressed. 

[0007] ** It cannot suppress that the negative charged particle in plasma 18 
gathers, and it adheres to a base 2 as particle. 

[0008] ** In low-temperature membrane formation, since the energy for causing 
crystallization of the film formed in the front face of a base 2 is not fully given to a 
film, membranous crystallization is not expectable. In order to obtain a 
crystallization film, heat treatment of elevated-temperature annealing, laser 
annealing, etc. is needed after membrane formation, and a process increases 
that much. 

[0009] Then, this invention sets it as the main purpose to offer the thin film 
formation method that it can be based on a plasma CVD method, and generating 
of particle can be suppressed, and membranous crystallization can be promoted 
also in low-temperature membrane formation. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the thin film formation method of this invention is characterized by impressing the 
negative bias voltage which is intermittent to a electrode holder-cum-the 
aforementioned electrode synchronizing with intermittence of the RF power 
concerned while supplying the RF power to which the modulation which makes it 
intermittent between the aforementioned discharge electrode and a electrode 
holder-cum-an electrode to the RF signal which becomes origin was applied. 
[0011] 

[Function] The radical which contributes to forming a good film into plasma, and 
the radical which is unnecessary for film formation and causes particle are 
intermingled. Generally, the life of the former is comparatively long and the life of 
the latter is comparatively short. Then, by using the RF power to which the 



***** 



intermittence modulation was applied as mentioned above, the radical priority 
generation and the unnecessary radical suppression which contribute to good 
film formation are attained, and generating of particle can be suppressed by this. 
[0012] Moreover, since the ion in the sheath field made near the front face of a 
base by impressing negative bias voltage to a electrode holder-cum-an electrode 
as mentioned above is accelerated by bias voltage and it collides with a base 
front face, also in low-temperature membrane formation, membranous 
crystallization can be promoted by the energy. 
[0013] 

[Example] Drawing 1 is the schematic diagram showing an example of the 
plasma CVD equipment used for implementation of this invention. The same sign 
is given to the same as that of the conventional example of drawing 3 , or a 
corresponding portion, and difference with the conventional example concerned 
is mainly explained below. 

[0014] In this example, RF-generator 14a which consisted of a RF signal 
generator 20 which can be made to generate the RF signal of arbitrary waves 
instead of conventional RF generator 14, and RF power amplification 22 which 
carries out power amplification of the RF signal from it is used. And it is made to 
supply by this, between the discharge electrode 8 which mentioned above the RF 
power to which the modulation which makes it intermittent a period T to the RF 
signal which becomes origin was applied, and a electrode holder-cum-the 
electrode 6, as shown in drawing 2 . 

[0015] Although the RF signal which becomes the origin of this is a 13.56MHz 
sinusoidal signal like for example, the conventional example, it is not limited to 
this. 

[0016] Furthermore, bias power supply 24 is inserted between a electrode 
holder-cum-the electrode 6, and a ground, and it is made to impress the negative 
bias voltage which is intermittent synchronizing with intermittence of the above- 
mentioned RF power by this, as shown in a electrode holder-cum-the electrode 6 
at drawing 2 . The "on" period of this bias voltage is "on" period t1 of RF power. It 
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is inside and bias voltage is turned off simultaneously with OFF of RF power. 
[0017] The size of this negative bias voltage is ****ed within the limits of 10V-1kV. 
[0018] It is for example, SiH4+helium to material gas 16. When mixed gas is 
used, it is unnecessary for SiH3 radical with a comparatively long life which 
contributes to forming a good silicon film into plasma 18, and film formation, and 
SiH2 radical with a comparatively short life and SiH radical leading to particle are 
intermingled. Then, when the RF power to which the above intermittence 
modulations were applied is used, inside [ of the radical generated in "on" period 
t1 of RF power (refer to drawing 2 ) ] and SiHwith comparatively long Iife3 radical 
is "off" period t2. Although inside is also maintained, SiH2 radical with a 
comparatively short life and a SiH radical are "off' period t2. If it becomes, it will 
disappear for a short time. The radical priority generation and the unnecessary 
radical suppression which contribute to good film formation by this are attained, 
and generating of particle can be suppressed. 

[0019] Moreover, since the ion in the sheath field made near the front face of a 
base 2 by impressing the above negative bias voltage to a electrode holder-cum- 
the electrode 6 (for example, helium ion) is accelerated by bias voltage and it 
collides with the front face of a base 2 (i.e., since an operation like ion irradiation 
is carried out), also in low-temperature membrane formation, crystallization of the 
film of the front face of a base 2 can be promoted by the energy of this ion. 
[0020] If it collects, the three following fields of A, B, and C will be formed by 
using the above RF power and bias voltage. This corresponds to A, B, and C in 
drawing 2 . 

[0021] Area A: The plasma disappearance field for extinguishing the ion 
irradiation by the membrane formation field area B:negative bias voltage by the 
good-quality radical chisel with which the unnecessary radical component was 
suppressed, and a crystallization field C field:unnecessary radical component 
[0022] Unnecessary radical component disappearance at area A, for example, 
membrane formation of 1 nm or less, crystallization of the membrane formation 
layer concerned in area B, and C field, will be repeated by continuation of such 



three fields. 

[0023] Since a life with the radical frequency (1/T) of the modulation of RF power 
is generally msec order in the above-mentioned case, it is desirable to choose 
within the limits of 100Hz - 1kHz. 

[0024] Moreover, as for the duty ratio (t1 / T in drawing 2 ) of the modulation 

concerned, it is desirable to choose it as 10 - 90% of within the limits. 

[0025] Moreover, the time delay t3 (refer to drawing 2 ) of the ON point in time of 

RF power to the ON time of bias voltage is "on" period t1 of RF power. It is 

desirable to choose it as 10 - 90% of within the limits. 

[0026] It is as follows when the features of the above membrane formation 

methods are enumerated. 

[0027] ** It is possible to form a crystallization thin film at the low membrane 
formation temperature which cannot be formed by the conventional plasma CVD 
method. 

[0028] ** Since radical control is possible, formation of the few crystallization thin 
film of particle is possible. 

[0029] ** The after treatment (elevated-temperature annealing, laser annealing, 
etc.) for obtaining a polycrystal film becomes unnecessary, and can simplify a 
process that much. 

[0030] ** Although a film front face is charged and ion irradiation becomes 
impossible by the incidence of ion when a base 2 and a film are insulators it it 
impresses the bias voltage which followed a electrode holder-cum-the electrode 
6 temporarily, since the charge on the front face of a film can be missed by it 
when making bias voltage intermittent as mentioned above, the stable ion 
irradiation becomes possible. 

[0031] ** While securing ion irradiation energy required for membranous 
crystallization, by choosing the size of the negative bias voltage impressed to a 
electrode holder-cum-the electrode 6, injury generating in the film by the high- 
speed electron which exists in plasma 18 can be prevented. 
[0032] ** Since formation of a very thin film and crystallization of that will be 
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repeated, compared with crystallization by heat treatment, the smooth nature on 
the front face of a film improves sharply. 

[0033] Explanation of the more concrete example formed the silicon film in the 
front face of a base 2 on the following conditions. 

[0034] Base 2: Size of 100mm angle substrate electrodes 6 and 8 : Distance 
between 300mm angle substrate and an electrode 8 : 50mm material gas 16: gas 
**in vacuum housing: at the time of 10%SiH4/helium membrane formation - 
5x10-2Torr substrate temperature: -- RF frequency: used as 250-degree-C 
dimension - frequency [ of a 13.56MHz intermittence modulation ]: - 800Hz duty 
ratio: -- size [ of 20% RF power ]: -- 200W negative bias voltage time delay t3 : 
The size of 0.3msec negative bias voltage : 100V[0035] Consequently, 
membraneous quality has also formed the good polycrystal silicon film by about 1 
(smooth nature is so good that it is small)/100 of the former [ nature / smooth ]. 
[0036] 

[Effect of the Invention] As mentioned above, according to this invention, by 
using the RF power to which the above intermittence modulations were applied, 
the radical priority generation and the unnecessary radical suppression which 
contribute to good film formation are attained, and generating of particle can be 
suppressed. 

[0037] And the ion in the sheath field made near the front face of a base can 
promote membranous crystallization also in low-temperature membrane 
formation using the energy which collides with a film by impressing the above 
negative bias voltage to a electrode holder-cum-an electrode. Consequently, the 
after treatment for obtaining a polycrystal film becomes unnecessary, and can 
simplify a process that much. 

[0038] Moreover, since formation of a very thin film and crystallization of that will 
be repeated, compared with crystallization by heat treatment, the smooth nature 
on the front face of a film can form a good crystallization thin film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing an example of the plasma CVD 
equipment used for implementation of this invention. 

[Drawing 2] It is drawing showing an example of the RF power in the equipment 
of drawing 1 , and bias voltage. 

[Drawing 3] It is the schematic diagram showing an example of conventional 
plasma CVD equipment. 
[Description of Notations] 
2 Base 

4 Vacuum Housing 

6 Electrode Holder-cum-Electrode 

8 Discharge Electrode 

14a RF generator 

18 Plasma 

24 Bias Power Supply 
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[Drawing 3] 
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